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THE AERODYNAMIC CEARACTERISTICS OF SIX COHMMONLY USED
AIRFOILS OVER A LARGE RANGE OF POSITIVE AND
NEGATIVE ANGLES OF ATTACK

By Raymond F. Anderson
Summary

This paper presents the resulis of tests of six com-
nonly used airfoils: the N6, the OYH, the W¥22, the cX72, :
the Boeing 106, and the Gottingen 398. The 1ifts, drags, —
and pitching moments of the airfoils were measured through -
a large range of positive and negative angles of attack.

The tests were made in the variableetensity wind tunnel of
the National Advisory Committee for Aeronautics at a large
value of the Reynoldsuﬂumber. Tor the N-22, the C-72, the
Boeing 106, and the-Gottingen. 398 airfolls, the negative
maxirum 1ift coefficients were found to be approximately

half the positive; but for ths -6 and the CYH, which have
less effective camber, the negative valuss were, respectively,
0.8 agd 0.6 of the positive valués. .

Introduction:

L comparatively small amount of information is avall-
able on the aerodynamic characteristics of airfoils through’
the negative angle-of-attack range. The available data are
from tests on only a few airfoils at low values of the
Reynolds Number. -

In order to obtain data on the strength of airplanes in
the inverted flight condition, the Bureauw of Aeronautics,
Navy Department, reguegsted that tests be made in the vari- -
able density wind tunnel of six commonly used airfoils (the -
3, the CVYH, the'Nfzz, thé.cikz, the Boeing 106, and the
GOttingen 398) at negabive .angles :0f ‘attack. -In accord-
ance with this regquest, routine measurements .of lift, drag,
and pitching moment were made on these airfoils through the e
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negative angle-of+wattack raﬁge. The tests were made at a
value of the Reynolds Number which corresponds to the flight
condition of most airplanes near their landing speeds.

To make the data complete, thée results of hitherto un-
published tests of -the same airfoils at positive angles of
attack .are included in this paper. It presents the results
of the first of two series of tests being made by the Na-
tional Advisory Committeé for Aeronautics to -determine the
asrodynamic chsracteristics of airfoils at negative angles
of attack. A second paper will bBe published after tests
on several other commonly used airfoils are completed,

Apparatus and Method

A brief description of the redesigned variable density
wind tunnel and its method of operation will be found in
reference 1. The customary 5 by 30 ‘inch polished, rectan-
gular, duralumin airfoils were used in the tests. The
gpecified ordinates of the airfoils are given in Table I.

For tests at positive angles of attack alrfoils are
mounted on the supporting struts of the balance with the .
sting and struts attached on the flat side. TFor the tests.
at negative angles of attack, however, the airfoils were
.inverted and the sting was placed on the curved surface,
g0 that the flat side, which was then the suction side,
was free from obstructions which might have affected the
value of the maximum 1ift coefficient.

The meagsurements of 1lift, drag, and pitching moment
for both the positive and negative angle-of-attack ranges
were made at a tank pressure of approximately 20 atmos-
pheres and an air speed of approximately 70 feet per sec-
ond, which correspond to a -Reynolds Number of 3,100,000.

Results and Discussion

The method used in obtaining the final results, in-
cluding the correction for thé influence of the tunnel
walls, is given in reference- 2. ~The corrected data have
been plotted againet angle of attack in Figures 1 to 6.
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Although results of tests at positive angles of atiack
and large values of the Reynolds Number were avallable in
published form for the M~6 and the CYH airfoils (reference
2), these results are not included -in this paper because
they are from tests of unpolished models in the originsl
tunnel. Instead, the results of later tests of polished
models of these girfoils in the redesigned tunnel are given
here. The positive angle~of-attack data for the other four
airfoils were available from tests under similar conditions;
consequently, the results of all the tests at p031tive and
negative angles of attaclt are comparable.

For the purpose of this investigation, the most im-
portant characteristics are the maximum positive and neg-
ative values of CL’ Figures 3, 4, 5, and 6 indicate that
for the Nk22, the CZ?Z, the Boeing 106, and iths thtingen
398 airfoils the negative values of maximum 1ift coefficient
are nearly equal. The positive values for these four air-
foils are also nearly the same. Such an agreement would be
expected, as the profiles of the four airfoils do not differ
greatly. The curves also indicate that for these airfoils
the negative value of maximum 1lift coefficient is approx-
imately half the positive wvalus.

A smaller difference between the negative and positive
values of maximun 1ift coefficient would be expected for
airfoils having less effective camber, bscause for a sym-
metrical airfoily the positive and negative values would be
equal. The -6 airfoll, which has the least effective camber
of any in this group, has a negative value of maximum 1ift
coefficient equal to 0.8 of the positive value. For the
CYH, which has a roderate effective camber, the factor is
0.6. The variation of the maximum lift coefficients with
the shape Of an airfoil will be more thoroughly analyzed
after the teats of additional commonly used airfoils are
completed.

Langley Memorial Aeronautical Laboratory,
Wational Advisory Committee for Aeronautics,
Langleyr Field, Va., October 21, 1931.
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TABLE I
Ordinates of the Airfoils in Per Cent of the Chord
Airfoil NACA__]:EQ NACA CYH N 22 ¢ 72 Boeing 106 lgdtt. 398
Stations| Upr.|Lwr. Upr.. Iwr. | Upr.|lwr. | Upr.| Lwr. | Upr.| Lwr. | Upr. |Lwr.
L.E.Rad. 1.50 .70
0 | 0 0 3.50}3.50 32}5;7 3.37 3.49 3.49 2.98( 2.98 | 3.7413.74
l% 1.97{-1.76 5.45(1.93 ?.159?*_1;;91’ 5.55|1.92 5.26| 1.54 6.20(1.89
2—% 2.81|-2.20 6.50! 1.47 ‘6.‘6‘61_ 1.21?5 6.5l L.47 6.14) 1.04 | 7.40(1.28
5 |4.08|-2.73 | 7.90 .93 8.25| .62 | 783 .93 | 7.54| .42 | 9.17) .69
7%,'; 4,94} -3.03 8.85| .63 3.33? .sz 8.85| .64 8.56 .04 {10.37, .35
10 5.,71|-3.24 | 9.60] .42 lg.,}g ‘19" 9.60] .43 9.441- .28 |11.25] .18
15 6.82|~-3.47 [10.68] .15 1%.?228- .0;3 10.69| .16 {10.62 - .64 112.53| .03
20 7.55]-3.62 111.36| .02 1%.0%1 0 11.36] .03 111l.34{- .80 |13.34|0
25 §.01/-3.71 ‘
30 8.22 —3.7? 11.7040 13;'4?4 .0? 11.7310 11.884{-1.18 }13.80} .05
40 8,05 —3-.90 11.40;10 lé.!é.’l .1*5 11.41} .21 (11.54}-1.28 |13.34] .17
50 7.26|-3.94 10.52'0 11.04 .22‘-_ 10.52; .59 |10.54|-1.30 {12.27} .27
60 6.031-3.82 9.i5 0 92.-‘,55? .30 9.15; .85 9.081-1.22 [10.63| .33
2137 ?r
65 8.30|0
_ 70 4,58{-3.48 "7.41i .06 7;38 .3‘?2 7.36] .81 7.18|- .98 8.53 | .35
80 —1.3.06|-2.83 5.62) .38 ?.353. .2{4 5.23| .72 4,96 |- .72 6.121 .27
80 1.851-1.77 3.84!11.02 3.06; .12 2.80] .40 2.54 - .42 3.40 | .13
95 .88{-1.08 | 2.93}1.40 l‘:%r .0!5 1.52; .21 1.29 |- .23 1.92] .06
100 26|- 26 | 2.05 1.‘_85 .?8 0 .10 |10 04 |- .04 .40 10
i
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